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BASIC-ABSTRACT: 

NOVELTY - A membrane-bound cyclic alcohol dehydrogenase (MCAD) (0 of acetic acid bacteria and another 
aerobic Gram-negative bacteria, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the following: 

(1) producing (Ml) cyclic ketone and secondary ketone from cyclic alcohol and secondary alcohol, 

respectively using (I); and 

(2) isolating (M2) optical isomers involves oxidizing only one optical isomer of a racemic mixture using (I) and 
separating the optical isomers which are not oxidized. 

USE - (I) of Gluconobacter genus, preferably Gluconobacter frateurii CHM9 strain is useful for producing 
cyclic ketone and secondary ketone from cyclic alcohol and secondary alcohol, respectively. (I) is also useful 
in isolating optical isomers e.g., 2,3 butanediol (claimed). 
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ADVANTAGE - (I) has high enzyme activity (100 times greater) in the presence of coenzyme PQQ than 
cytoplasm cyclic alcohol dehydrogenase (GCAD). (I) is easily solubilized and purified. The optical isomers can 
be separated very easily by (1). 

DESCRIPTION OF DRAWING(S) - The figure shows graph representing the elution profile of membrane- 
coupled cyclic alcohol dehydrogenase enzyme (MCAD) from Gluconobacter frateurii CHM9 by CM-Toyopearl 
column chromatography. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the film joint mold cyclic alcohol dehydrogenase (MCAD) which exists in the 
cell membrane of acetic bacteria, especially the acetic bacteria of Gluconobacter and which uses PQQ as a coenzyme. 
[0002] 

[Description of the Prior Art] Acetic bacteria and others Psuedmonas Although existence of the cytoplasm mold cyclic 
alcohol dehydrogenase (CCAD) of an NAD dependency is known by cytoplasm, such as ****, the cyclic alcohol 
dehydrogenase activity of CCAD is very low. Moreover, it is this invention although CCAD which exists in the 
cytoplasm of the acetic bacteria of Gluconobacter also has cyclic alcohol dehydrogenase activity. As compared with the 
film joint mold cyclic alcohol dehydrogenase (MCAD) which uses pyrroloquinoline quinone (PQQ) as a coenzyme, 
100 times were also only low activity. Therefore, it is a kino protein to the oxidative fermentation process for 
manufacturing the oxidation product of cyclic alcohol industrially. Using alcoholic dehydrogenase (ADH) and CCAD 
has a problem in respect of productive efficiency. 
[0003] 

[Problem(s) to be Solved by the Invention] Conventional ADH and CCAD are enzymes with which MCAD(s) which 
exist in the cell membrane of acetic bacteria, especially the acetic bacteria of Gluconobacter, and which use PQQ as a 
coenzyme differ, and it is a technical problem to show clearly that it is suitable for manufacture of the oxidation 
product of cyclic alcohol, the 2nd class alcohol, etc. 
[0004] 

[Means for Solving the Problem] Research of a large number about oxidization by the microorganism of cyclic alcohol 
or oxidization by the enzyme has been done using various bacteria. Those most relate to Pseudomonas (Psuedomonas) 
or the NAD dependency cyclohexanol dehydrogenase (EC 1.1.1 .245) of the Acinetobacter (Acinetobacter) origin. 
Moreover, cyclohexanol oxidation has been studied in the process of a cyclohexane metabolic turnover. The gene 
analysis of the gene cluster for cyclohexanol oxidization was studied in Acinetobacter. 

[0005] It is proposed that the reduction to the cyclohexanol of the cyclohexane by NAD dependency cyclohexanol 
dehydrogenase produces a cyclohexanol by coupling with hydroxylase. This is the same case as an annular ketone 
reductase or an annular aldehyde reductase. In early research, the NADPH dependency acetone reductase which 
produces isopropanol was reported. The same ketone reductase is reported also in the mammals. It was proved that the 
Aldo-keto reductase of a large number which carry out the catalyst of the unsymmetrical reduction of a carbonyl 
compound is useful to composition of an optically active compound. 

[0006] The cyclopentanol oxidation by the microorganism is also studied about Pseudomonas, and it is shown that 
NAD dependency dehydrogenase (EC 1 . K 1 . 1 63) is an enzyme which is acting in the step of the beginning of the 
oxidative degradation of cyclic alcohol. Cyclohexanol oxidation is observed also in the 2nd class alcohol acid-ized 
enzyme of the Pseudomonas origin again, and the flavin dependency enzyme which produces a hydrogen peroxide is 
functioning. 

[0007] myo-inositol It is related, cyclitol etc. - the enzyme which carries out the catalyst of the oxidation is also known 
as an NAD dependency enzyme in many reference. However, since nothing is reported about MCAD, no information 
exists about the function, the localization site, the catalyst-property, physicochemical quality, and physiological 
function of MCAD. 

[0008] this invention persons pointed out to the cell membrane of an aerobic bacterium existence of the oxidation 
activity which uses PQQ as a coenzyme for the first time. Then, as a result of screening the production stock of MCAD 
for 100 or more shares of cell strains containing other aerobic bacteria of acetic bacteria, Pseudomonas, Acinetobacter, 
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and varieties, MCAD which exists in the cell membrane of acetic bacteria, especially the acetic bacteria of 
Gluconobacter and which uses PQQ as a coenzyme was found out, and solubilization and purification were performed 
for the first time. 

[0009] Gluconobacter frateurii CHM 9 The property of MCAD is expressed below as an example of representation of 
MCAD of this invention. Although named the cyclic alcohol dehydrogenase which exists in the cell membrane of 
acetic bacteria and which uses PQQ as a coenzyme, MCAD oxidizes in cyclic alcohol widely, and also is an enzyme 
with which the 2nd class alcohols also oxidize, and has large substrate specificity. It became clear that CCAD which 
exists in the cytoplasm already known was a new enzyme which thinks from an intracellular existence part, substrate 
specificity, a dynamical property, etc., and is clearly different. The cyclic alcohol oxidation activity of MCAD was 100 
times as high as CCAD. In case a corresponding annular ketone is industrially manufactured by the oxidative 
fermentation of cyclic alcohol, the high enzyme activity of MCAD is a big advantage. 

[0010] As an interesting fact, it became clear by MCAD of this invention for division of an optical isomer to be also 
possible, if an example is given MCAD (S, S) -(+)-2 and 3-butanediol having not oxidized at all - receiving ~R [ 2 ] 
and (R[ 3 ])-(-)-2 and 3-butanediol It became clear that it oxidized (Table 3). This property is used and it is racemic 
modification. 2 and 3-butanediol is oxidized by MCAD, and if only R bodies are changed into a corresponding ketone, 
only S unreacted bodies will be condensed. After that, it is condensed by the usual purification method. (S, S) -(+)-2 
and 3-butanediol When it refines, there is an advantage that separation of an optical isomer becomes easy. 
[001 1] In manufacture of the compound by bacterial coupling, a problem may arise in that the induction period of a 
reaction is long. In MCAD of this invention, it is proportional to both population of reaction time and the used cell, and 
it is what kind of time. It was shown that a reaction occurs nothing also in a lug. With the case of the great portion of 
oxidative fermentation, it is a time. The case where a reaction occurs without a lug is not observed. This is because 
substrate oxidation is performed by the outside surface of a cell. It also has the advantage referred to as that the 
manufacturing method using MCAD of this invention can make loss of energy small as compared with the case which 
must emit a production object out of a cell again after making a substrate incorporate and react to intracellular. 
[0012] 

[Embodiment of the Invention] The gestalt of implementation of invention is explained with reference to a drawing or a 

table based on an example. 

[0013] 

[Example 1] Screening of the production stock of MC AD followed 100 or more shares of cell strains containing other 
aerobic bacteria of acetic bacteria, Pseudomonas, Acinetobacter, and varieties. 0.03%, the presentations of the culture 
medium for screening are glycerol, 0.01% glucose, and 0.1% poly peptone, and cultivated among 48 hours or more and 
under aeration conditions under 0.2% of existence of cyclopentanol or 0.2% of cyclohexanol. In addition, all culture 
temperature was 30 degrees C. 

[0014] The large majority of the strain separated in Thailand was well grown, whichever it used [ of cyclopentanol and 
a cyclohexanol ] as cyclic alcohol. However, the cyclohexanol said that toxicity was higher than cyclopentanol, or was 
considered to be bacteriostasis-like rather. Institute For Fermentation (EFO) - or - Although the great portion of strain 
which came to hand from American Type Culture Collection (ATCC) needed 48 hours or the long culture time amount 
beyond it, judging from the turbidity of culture medium, many of strain separated in Thailand has reached equivalent 
turbidity by culture of 24 hours, and it was shown that the resistance over a cyclohexanol or cyclopentanol is high. 
[0015] As the example of representation out of 100 or more shares of strain examined as a result of judging with the 
turbidity of the culture medium after 24-hour culture Gluconobacter frateurii CHM 9, Psuedmonas sp.CHM 32, 
Acetobacter rancens SKU 1111, and Acinetobacter calcoaceticus LMD79.41 Four shares were selected. The 
comparison of enzyme activity (Enzyme activity) to the relative growth rate (Growth) of such strain, the last pH of 
culture medium (Final pH), and the cyclopentanol of a cell membrane fraction was shown in Table 1. 
[0016] 
[Table 1] 
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Strain 


Growth* 


Final pH* 


Enzyme activit/(U/ml) 


Gluconobacter frateurii CHM 9 


++ 


5.0 


0.51 


Psuedmonas sp. CHM 32 


+++ 


8.4 




Acetobacter rancens SKU 1111 


" ' + ' ' 


6.5 




Acinetobacter calcoaceticus LMt) 79.41 


++ 


8.5 


ND d 



•Growth of bacteria strains : + corresponded to OD660 ran of 0.30-0.50 ; ++ corresponded to OD660 
mn of 0^1-1 .00;+++ corresponded to OD660nm of over 1.00. • 
b pH of culture broth wag measured at 48 hr incubation. 
°Enzyme activity was measured by PMS-IKIIP medlod at pH 5.0 . 
d ND: not detected 



[0017] It is related with the last pH of culture medium, and is Gluconobacter frateurii CHM 9. The acid value was 
shown. On the other hand, it is Psuedmonas sp.CHM 32. Acinetobacter calcoaceticusLMD 79.41 It was a weak 
alkaline value. Moreover, Acetobacter rancens SKU 1111 The case was the same as the value of the first pH. 
[0018] the cyclopentanol dehydrogenase activity of the appearance of a cell membrane fraction - phenazine 
methosulfate (PMS) - and - It measured by the PMS-DCIP method using 2 and 6-dichlorophenol indophenol (DCIP). 
As a substrate, it is 25micromol. Cyclopentanol was used. As a solution for measurement, it is Mcllvaine. The buffer 
(pH5.0) was used. It sets under a reaction condition and one unit of enzyme activity is lmicromol in 1 minute. The 
definition was given as activity which carries out the catalyst of the substrate oxidation. It is Gluconobacter frateurii 
CHM 9 as a result of measurement. Activity was observed in two pH fields by the case. One is a major activity peak 
and another minor activity peak existed in pH5.0 at pH9.0. On the other hand, cyclopentanol dehydrogenase activity 
was not observed by the cell membrane fraction of other three strain. 

[0019] Psuedmonas sp.CHM 32 It reaches. Acinetobacter calcoaceticus LMD 79.41 It is known by the case that the 
CCAD activity of the NAD dependency which exists in cytoplasm is superior. Moreover, it is known that CCAD will 
perform two reactions of reduction to the oxidation to the cyclopentanone of cyclopentanol and the cyclopentanol of 
cyclopentanone by the reaction condition. Then, cyclopentanol oxidation activity is lOOmicromol. The enzyme was 
added in the 1ml solution which consists of cyclopentanol, SOmicromol glycine-NaOH (pH9.5), and 0. lmicromol 
NAD, and the increment rate of NADH in 25 degrees C was recorded with the absorbance of 340nm. It sets under a 
reaction condition and one unit of enzyme activity is lmicromol in 1 minute. The definition was given as activity 
which produces NADH. It is Psuedmonas sp.CHM 32 as a result of measurement. A case is considered that 
cyclopentanol was consumed with cytoplasm. Moreover, Acetobacter rancens SKU 1 1 1 1 A case seems to have 
survived, after thinking that the growth under cyclopentanol existence is difficult and using the cyclopentanol of a 
minute amount. Next, it is related with the reduction activity of cyclopentanone and is lOOmicromol. The enzyme was 
added in the 1ml solution which consists of cyclopentanone, 50micromol potassium phosphate (pH6.0), and 
0. lmicromol NADH, and the reduction rate of NADH in 25 degrees C was recorded with the absorbance of 340nm. It 
sets under a reaction condition and one unit of enzyme activity is lmicromol in 1 minute. The definition was given as 
activity which decreases NADH. Furthermore, the amount of enzyme generation was measured with the bottom of 
various culture conditions. Consequently, Acetobacter rancens SKU 11 1 1 It became clear that an enzyme was a 
configuration-enzyme. 

[0020] Gluconobacter frateurii CHM 9 The cell of a resting phase reacted with cyclopentanol. Then, reaction mixture 
was analyzed in order that the cyclopentanone which is a direct oxidation product might investigate whether it is 
accumulated between reactions. Pure cyclopentanone is 2 and 4-dinitrophenylhydrazine. Since it is known that it will 
react and a derivative can be generated, it is 2 and 4-dinitrophenylhydrazine about a reaction mixture. After making it 
react Thin-layer chromatography (TLC) analyzed., The reaction generated. 2 and 4-dinitrophenylhydrazone A 
derivative is pure cyclopentanone. 2 and 4-dinitrophenylhydrazone It is the same Rf value as a derivative. The value 
0.82 was shown. Therefore, the oxidation to the cyclopentanone of cyclopentanol is proportional to both reaction time 
and the used number of cells as expected, and it is what kind of time. It was shown that a reaction occurs nothing also 
in a lug. With the case of the great portion of oxidative fermentation, it is a time. The case where a reaction occurs 
without a lug is not observed. This is because substrate oxidation is performed by the outside surface of a cell in the 
cell of this invention. Therefore, MCAD of this invention is the kino protein of the conventional CCAD or an acetic- 
bacteria cell membrane. Alcoholic dehydrogenase (ADH) is the result of showing that it is a clearly different new 
enzyme. 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 



1/7/2008 



JP,2003-180343,A [DETAILED DESCRIPTION] 



Page 4 of 8 



[0021] 

[Example 2] By processing the cell membrane fraction which has the new enzyme MCAD by EDTA, it investigated 
whether it would have a certain effect on the oxidation activity of cyclopentanol. The method of preparation of a cell 
membrane fraction and a cytoplasm fraction is as follows. Gluconobacter frateurii CHM 9 The cells after culture are 
collected and they are per 10 mM Tris-HCl (pH7.5) buffer 10ml and ******. Cell suspension was prepared so that it 
might be set to about lOg. It is cell suspension at the pressure of l,000psi Rannie high pressure laboratory homogenizer 
It let it pass. After the usual low-speed centrifugal one removed the cell which is not crushed, centrifugal [ of the 
obtained crude cell free extract ] was further carried out for 90 minutes by 68,000xg, and the cell membrane fraction 
which precipitated was separated. Moreover, cell digestive liquor was used as the cytoplasm fraction. The cell 
membrane fraction was re-suspended in 10 mM Tris-HCl (pH7.5) buffer, and after washing by homogenizing 
precipitate, the at-long-intervals alignment of it was carried out by 68,000xg for 90 minutes. This washing actuation 
was repeated twice and mixing of a cytoplasm fraction was lessened as much as possible. MCAD activity increased to 
the obtained cell membrane fraction (Native membrane) by adding PQQ and CaC12 ( drawing 1 ). From this result, it 
was shown at the time of preparation of a cell membrane fraction that MCAD exists as an apoenzyme partially. 
[0022] EDTA treatment is lOmg/ml by 10 mM Tris-HCl (pH7.5) buffer. After preparing cell membrane suspension so 
that it may become protein, the incubation was performed for 30 minutes in the ice bath to the bottom of the condition 
of 20mM EDTA. After performing ultracentrifuge for 60 minutes by 90,000xg and removing supernatant liquid, 
precipitate was re-suspended in 10 mM Tris-HCl (pH7.5) buffer, ultracentrifuge was performed to the bottom of the 
same condition, and EDTA was removed. In the cell membrane after EDTA treatment, slight MCAD activity was only 
shown and it became clear that a great portion of MCAD was an apoenzyme (data of EDTA treated membrane of 
drawing 1 ). When activity measurement was again performed to the cell membrane fraction (EDTAtreated membrane) 
which has an apoenzyme after adding CaC12 of PQQ of SmicroM, and 5mM(s) and carrying out the incubation of the 
25 degrees C for 30 minutes, recovery of enzyme activity was seen. 

[0023] the apoenzyme of a cell membrane fraction - receiving - PQQ SmicroM or -- CaC125mM As for the 

effectiveness, CaC12 was larger, although both recovery of enzyme activity was seen when activity measurement was 

performed again after adding independently and carrying out the incubation of the 25 degrees C for 30 minutes 

( drawing 1 ). From this result, it is surmised that the principal action of EDTA is having removed calcium2+ ion from 

the enzyme according to the chelation effectiveness. Therefore, the apoenzyme was changed into the holoenzyme and it 

was shown by by adding both PQQ and CaC12 that MCAD activity is recoverable to the original level. Therefore, 

MCAD of this invention reached the conclusion that it was typical kino protein (quinoprotein) cyclic alcohol 

dehydrogenase. 

[0024] 

[Example 3] Judgment solubilization of MCAD was performed from the cell membrane fraction. Solubilization of an 
enzyme is preceded and it is each to cell membrane suspension. PQQ 5microM CaC125mM It added and the 
apoenzyme was made into the holoenzyme. All the protein of the cell membrane fraction used for solubilization was 
1.4g, and cyclopentanol dehydrogenase activity was 3,120 units (black bar of Membrane on the left-hand side of 
drawing 2 ). Moreover, kino protein ADH activity was 1,440 units (bar of the void of Membrane on the left-hand side 
of drawing 2 ). Na-cholate after 10 mM Tris-HCl (pH 7.0) buffer adjusts [ ml ] the protein concentration of a cell 
membrane fraction in lOmg /It added so that it might become 0.5%, and it stirred slowly for 1 hour. When it performed 
centrifugal [ for 60 minutes ] by 68,000xg, the great portion of kino protein ADH activity moved to centrifugal 
supernatant liquid (Supernatant). However, 70% or more of original cyclopentanol dehydrogenase activity remained in 
the cell membrane fraction (Precipitate) which precipitated (data of Na-cholate of drawing 2 ). 
[0025] 10 mM Tris-HCl (pH 7.0) buffer was made to suspend the cell membrane fraction which precipitated, and 
protein concentration was adjusted [ ml ] in lOmg /. To the suspension of this cell membrane fraction, it is Mydol 
10TM. It added so that it might become 1 .0%, and it stirred gently for further 1 hour. When it performed centrifugal 
[ for 60 minutes ] by 68,000xg, about 1/3 of the cyclopentanol dehydrogenase activity in the original cell membrane 
fraction appeared in centrifugal supernatant liquid (black bar of Mydol 10TM on the right-hand side of drawing 2 ). On 
the other hand, kino protein ADH activity was so low that it was undetectable in the usual activity test condition. It is 
shown that it is not what MCAD activity depends on the kino protein ADH, and it was shown for the first time by these 
results that the enzyme MCAD which oxidizes cyclic alcohol specifically exists in the cell membrane fraction of acetic 
. bacteria. 
[0026] 

[Example 4] Next, MCAD was refined. It is with 5mM CaC12 about the MCAD solution gradually solubilized as the 
example 3 described. 10mM(s) containing Mydol 10TM 0.3% It applied to DEAE-Toyo Perl Callum (2.6x9cm) who 
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made it equilibrate by the acetic-acid buffer (pH5.0). MCAD was not adsorbed but some impurities were removed by 
this actuation. The solutions which passed the column are collected and it is with 5mM CaC12. 10mM(s) containing 
Mydol 10TM 0.3% It dialyzed by the acetic-acid buffer (pH4.0). 

[0027] Next, about the solution after dialysis, it is with 5mM CaC12. 10mM(s) containing Mydol 10TM 0.3% The 
column was adsorbed in the place applied to CM-Toyo Perl Callum (1 6x6cm) who equilibrated by the acetic-acid 
buffer (pH4.0), and the kino protein. ADH which MCAD(ed) and remained. 10mM(s) containing 5mM CaC12 After 
washing by the acetic-acid buffer (pH4.0), CaC12 linear density gradient of 5-40mM performed elution. As shown in 
drawing 3 , the peak (- mark of drawin g 5 ) which has MCAD activity in the peak fraction detected with the absorbance 
(O mark of drawing 5 ) of 280nm was detectable. As a result of collecting the peak fractions which have MCAD 
activity and SDS-PAGE*s analyzing, it became clear that it was the single peak of molecular weight 83kDa (lane 2 of 
drawing 4 ). In addition, the lane 1 of d rawin g 4 is the band of a size marker, and phosphorylase b (94kDa), bovine 
serum albumin (68 kDa), ovalbumin (43 kDa), carbonicanhydrase (31 kDa), and lysozyme (14.4 kDa) were used for it. 
[0028] Moreover, the back peak was an elution peak of the kino protein ADH between two peaks detected with the 
absorbance (** mark of drawing 5 ) of 420nm. MCAD was completely separated with the kino protein ADH, and it 
was also proved by coincidence that both are not the same objects. MCAD was refined 25 times by two steps of such 
purification actuation (Table 2). 
[0029] 
[Table 2] 



Step 


Total protein 
(nig) 


Total activity 
(units) 


Specific activity 
(units/mg) 


Purification 
(fold) 


Yield 
(%) 


Membrane 


850 


1,520 


1.8 


1.0 


100 


Solubilization 


: 37 


647 


17,5 


9.7 


43 


DEAE-Toyopearl 


18 


280 


15.5 


8.6 


18 


CM- Toyopearl 


4.8 


213 


443 


25.0 


14 



[0030] 

[Example 5] The substrate specificity of MC AD was investigated about both the cell membrane fraction and the 
purification enzyme (Table 3). 
[0031] 
[Table 3] 
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Substrate 


Relative activi 


ty(%) 1 


Membrane 


Purified <*n7vmp, D 


Cytoplasmic enzyme c 




\rviKsf\ij} 




(CCAD) 


cyclopentanol 


inn 
1UU 


i nn 

< 1UU 


100 


cyclohexanol 




'TX 
/J 


179 


cyclobutanol 




71 
/J 


61 


cyclooctanol 




'■' ATI 


ND d 


tetrahydrofuryl alcohol 


Z*> 


u 


0 


hydroxyproline 


— 


A 

u 


0 


furfuryl alcohol 




*f 


0 


cis-4-cyclopenten-l ,3 -diol 


DOO 


JZ 


0 


1,3- cyclopentanedio] 


58 




363 


cis-1,2- cyclopeatanediol 


1 1 A 
1 10 


101 


ND d 


(lR,2R)-trans-l^-cyclohexanediol 


AQ 


/4 


5 


(lS^S)-trans-l,2-cyclohexanediol 


1 1 

IJ . 


11 


0 


1,4-cyclohexanediol 


1 o 

19 


14 


0 


cyclohcxancdiol 


n 


DO 

88 


12 


1,2-butanediol 


94 


63 


115 


l^-butanediol 


oz 


1Z 


6 


1,4-butanediol 


41 


0 


0 


2^-butanediol 


118 


186 


0 


(S ? SH+>2 J- butancdiol 


5 


0 


0 


(2R,3RH-)-2,3- butancdiol 


41 


41 


51 


2,4-pentanediol 


62 


16 


30 


2-methyN2,4- pentanediol 


50 


^ 17 


23 •'" 


methanol 


n 
u 


n 
U 


0 j 


etbanol 


<Q 
Q7 


U 


0 


1-propanol 


38 


0 


5 


1-butaiiol 


69 


I 


ND d 


2-poopano! 


75 


17 


31 


2-butanoJ 


109 


41 


424 


2-hexanol 


12 


10 


70 


3-pentanol 


75 


74 


57 


cyclopentanone 


o 


0 

V 


11 


cyclohexanone 


0 


0 


763 


acetone 


0 


0 


12 


acctaldchyde 


L*i\J 




0 


glycerol 


OO 


CO 


0 


D^threitol 


A 


Z 


0 


mcso-erymritol 


ft 


i nn 


0 


xylite! 


Z 




o 


ribitol 


41 


34 


0 


D-arabitol 


54 


78 


0 


L- arabhol 


7 


0 


0 


dulcitol 


2 


0 


0 


D-sorbitol ; f 


48 . 


34 


0 


D-mannitol 


18 


25 


io ; 


myo-inositol 


5 


0 


0 


D-gluconatc 


21 


7 


0 


2 -keto-gluconate 


0 


0 


0 



"MCAD was measured with die membrane fraction of the organism 
b Purified MCAD from the membrane. 
'Purified CCAD from the cytoplasm. , d ND : not determined 



[0032] MCAD was specific to altitude to cyclic alcohol especially cyclopentanol, and a cyclohexanol. As a result of 
examining under optimum conditions, the Michaelis constant of the appearance to cyclopentanol was measured as it is 
ImM By MCAD, it is cyclooctanol, cis-1, and 2-cyclopentanediol. It reaches. It was an interesting result that 2 and 3- 
butanediol oxidizes well. Moreover, as for MCAD, some the 2nd class alcohol of aliphatic series also oxidized. It adds 
to oxidation of cyclic alcohol or the 2nd class alcohol, and MCAD is glycerol, meso-erythritol, ribitol, D-arabitol, and 
D-sorbitol. It reaches. D-mannitol Sugar-alcohol [ like ] also oxidized. MCAD is considered to recognize these sugar- 
alcohol as the 2nd class alcohol. 

[0033] Each oxidation product as well as the case of cyclopentanone was accumulated out of the cell. Therefore, 
MCAD is a chiral. It is considered the useful enzyme in chemistry. That MCAD is carrying out localization to the 
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outside surface of a cell membrane has the advantage of making oxidative fermentation of cyclic alcohol easy. Since 
the mechanism of oxidative fermentation has some biological toxicity to the viable cell owing to, the cyclic alcohol of 
oxidizing by incorporating such a toxic substance to intracytoplasmic is not desirable. Moreover, excessive bioenergy 
is required in order to pump out an oxidation product out of a cell through a cell membrane. As a coenzyme, only PQQ 
was effective and NAD (P) and NAD(P) H, and FAD and FMN were not effective as a coenzyme. 
[0034] 

[Example 6] Gluconobacter frateurii CHM 9 CC AD of the NAD dependency which exists in cytoplasm proved that 
MCAD of this invention was a different enzyme. DEAE cellulose which equilibrated the cytoplasm fraction mentioned 
above by Buffer A (2mM KPB pH7.2 containing 5 mM beta-mercaptoethanol ) It applied to the column (2.5x20cm). 
Elution of the CCAD was carried out by the buffer A which contains 0.2M KC1 after washing a column by Buffer A. 
Blue equilibrated by Buffer A after carrying out overnight dialysis of the collected CCAD fraction to Buffer A Dextran 
Sepharose It applied to the column (2x20cm). CCAD is blue. Dextran Although a sepharose column was not adsorbed, 
the enzyme of an NAD (P) dependency was removed at this step. 

[0035] Next, DEAE-sephadex equilibrated by Buffer A A-50 It applied to the column (1.5x20cm). It was eluted in the 
buffer A which contains lOOmM KC1 after washing a column by the buffer A containing 75mM KC1, and was eluted in 
the buffer A which contains 125mM KC1 next. Elution of the principal part of CCAD was carried out by the buffer A 
containing 125mM KC1. Hydroxyapatite equilibrated by Buffer A in the collected CCAD fraction It applied to the 
column (5x7cm). 15mMphosphate(s) After washing and CCAD are 30mM phosphate at the included buffer A. Elution 
was carried out by the included buffer A. Finally, it is ammonium sulphate. CCAD was crystallized ( drawing 5 ). 
[0036] The outline of CCAD purification was shown in Table 4. CCAD was refined 38 times from the crude extract, 
and was obtained with 28% of recovery of total yield. Hitachi Analytical ultracentrifuge SCP85H As a result of using 
and measuring the sedimentation pattern of CCAD every 1 0 minutes under the condition of 20 degrees C and 60,000 
rpm, an apparent settling velocity is the symmetry peak which is 3.0s, and, as for the word, it was shown roughly that 
the molecular weight of CCAD is equivalent to 60kDa(s) ((A) of drawing 6 ). From the result of SDS-PAGE, it was 
shown clearly that it consisted of two same subunits of molecular weight 29,000 ((B) of drawing 6 ). 
[0037] 
[Table 4] 



■ Step 


Total protein 
(mg) 


Total activity* 
(units) 


Specific activity 
(units/mg) 


Purification 
(fold) 


Yield 
(%) 


Cell-free extract 


1 10,100 


123 


0.012 


1 


100 


DEAE -cellulose 


2.850 


108 


0,038 


3 


88 


Sephadex A-50 


1,681 


91 


0.056 


5 


79 


Hydroxyapatite 


190 


76 


0.400 


33 


62 


Crystallization 


74 


34 


0.460 


38. 


28 



*Cyclopcnlanol oxidation in the presence of NAD was measured. 



[0038] In addition, after purification according [ a lane 3 ] to a DEAE-cellulose (15microg protein) and a lane 4 
according [ the lane 2 of drawing 6 ] to a cell-free extract (20microg protein) are DEAE-sephadex. A lane 6 is a result 
after the first crystallization (5microg protein) after purification according [ a lane 5 ] to hydroxyapatite (5microg 
protein) after the purification by A-50 (lOmicrog protein). Moreover, a lane 1 is the band of a size marker and used 
phosphorylase b (1 10 kDa), bovine serum albumin (77 kDa), ovalbumin (50.5 kDa), carbonic anhydrase (35.2 kDa), 
soybean trypsin inhibitor (29. 1 kDa), and lysozyme (14.4 kDa). 
[0039] 

[Example 7] The substrate specificity of CCAD was shown in Table 3. CCAD is 50mM. When it examined in glycine- 
NaOH, cyclic alcohol was oxidized under alkaline pH condition of 8.5-10.0. Although CCAD oxidized cyclic alcohol, 
about the substrate specificity in oxidation of cyclic alcohol, it was narrower than MCAD (Table 3). Since CCAD 
oxidizes 2-butanol (2-butanol) well, it is considered to be dehydrogenase of the 2nd class alcohol. Crystallized CCAD 
receives cyclopentanol. 0.45 units/mg protein Although the specific activity to say was shown, as compared with the 
specific activity (44.3 units/mg protein) over the cyclopentanol of MCAD of a film joint mold, about 100 times were 
also a low value. 

[0040] It is thought that the intracytoplasmic NAD(P) dependency enzyme which has a low Michaelis constant is 
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reflecting the exclusion system with the toxic rapid compound generated in cytoplasm by chance. Of course, the 
cyclopentanol or the cyclohexanol which were used for this invention do not exist naturally by high concentration. 
Therefore, it should be thought that cyclopentanol and a cyclohexanol are the truth and the actual substrates of CCAD. 
[0041] The Michaelis constant of the appearance of CCAD to a cyclohexanol and NAD was measured with 7mM(s) 
arid 73microM, respectively. Moreover, cyclohexanone (cyclohexanone) And the Michaelis constant of the appearance 
of CCAD to NADH was measured with 18mM(s) and 0.4mM(s), respectively. 

[0042] On the other hand, reduction of the annular ketone by CCAD is 50mM. When it examined in sodium acetate, 
the highest activity was shown under the acid conditions of pH5.0. Thus, CCAD has high reactivity to the 
cyclohexanone and was returned easily to the cyclohexanol which is corresponding cyclic alcohol. From the above 
result, it was proved that MCAD of this invention and the conventional CCAD are completely different enzymes. 
[0043] When the cell of a resting phase or a cell membrane fraction, and the cyclic alcohol of a substrate were mixed, 
cyclic alcohol was changed into the corresponding annular ketone for a short time. The conversion rate was so big that 
it could not be measured with the reaction rate by CCAD of an NAD dependency. Therefore, it is shown that CCAD 
does not have any contributions to oxidative fermentation, and it was able to be shown clearly that only MCAD of a 
film joint mold is functioning. 
[0044] 

[Effect of the Invention] this invention persons pointed out to the cell membrane of an aerobic bacterium existence of 
the oxidation activity which uses PQQ as a coenzyme for the first time, and screened the cyclic alcohol dehydrogenase 
production stock of a film joint mold to it for 100 or more shares of cell strains containing aerobic bacteria, such as 
acetic bacteria. Consequently, the film joint mold cyclic alcohol dehydrogenase (MCAD) which has the activity with 
the conventional CCAD high [ 100 times ] which exists in the cell membrane of the acetic bacteria of Gluconobacter 
was found out, and it solubilized and refined for the first time. 
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JPO and INPIT are not responsible for any 1 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] Film joint mold cyclic alcohol dehydrogenase of acetic bacteria and other aerobic Gram negative bacterium. 
[Claim 2] Film joint mold cyclic alcohol dehydrogenase according to claim 1 whose acetic bacteria are the acetic 
bacteria of Gluconobacter. 

[Claim 3] acetic bacteria of Gluconobacter Gluconobacter frateurii CHM 9 it is - film joint mold cyclic alcohol 
dehydrogenase according to claim 1 or 2. 

[Claim 4] Film joint mold cyclic alcohol dehydrogenase given in either of claims 1-3 which uses PQQ as a coenzyme 
and needs calcium2+ ion for the manifestation of activity. 

[Claim 5] The manufacturing method of the annular ketone from cyclic alcohol using film joint mold cyclic alcohol 
dehydrogenase given in either of claims 1-4. 

[Claim 6] The manufacturing method of the 2nd class ketone from the 2nd class alcohol using film joint mold cyclic 
alcohol dehydrogenase given in either of claims 1 -4. 

[Claim 7] The manufacturing method according to claim 5 or 6 using the cell membrane fraction or cell which has film 
joint mold cyclic alcohol dehydrogenase. 

[Claim 8] The separation method of an optical isomer characterized by separating only the optical isomer which only 
one optical isomer of a racemic compound oxidized and did not oxidize using film joint mold cyclic alcohol 
dehydrogenase. 

[Claim 9] film joint mold cyclic alcohol dehydrogenase Gluconobacter frateurii CHM 9 the enzyme of the origin it is 
- racemic compound 2 and 3-butanediol it is separation method of an optical isomer according to claim 8. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 



Enzyme activity (unit/mg) 
0 0.5 1 1.5 2 



Native membrane 
+PQQ+CaCl 2 
EDTA treated membrane 
+PQQ 
+CaCI 2 
+PQQ+CaCI 2 




[Drawing 2 ] 
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[Drawing 3] 
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i mm 1 1 wmm&vfkrtisiMtf 5 

C W*IB 3 ] 7 -RWfflsRffltf Gl ucono 

bacter frateurii CHM 9 T"A£k HsfcJBl 4fc<±2tC 

[M#J|4 ] P QQ^fflPfli: U SStt^WtCC a 10 

[ 5 ] mm 1 a> 4 ^-m^tiett^me 

I vc . 7 -fe S ft^Kitf>-*«*Wltt*^ It £ KMt L . 

luconobacter fralmirii CHM 9 &Jfe<OBBRT"J> -j "t . 

2,3-butanediol TA&, IB^SlCfe 

[000 11 

6IJSte^ffl«PKr>l.3-yHK7k*BW (MCAD) KM 
[0002] 

^ffiffi^-ewfte Psuedmonas Wffl%Z<n 
tKS»* ( C C A D ) WftfctfJSU ^ftT H & # s CCA 

C A D t> Wtt7;P 3 - ' UKftXiPSffiti * * L TV ^ 
^% a ^W pyrroloquinol ine quinone (PQQ) £ 

aa*fc1-4«ti-&S!WKr/i/3-/Hft?k3B»» ( mc 
AD) t imth b . 1 0 0 «fc<6^iSttfcia^5r 

ji^-|>fe^Kft%g#7-o^xlc, dfyrof-f^ 7 
/H7->Hft**»* (ADH) WCAD^ffll^Wi 

[0003] 50 
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Sfc-f SMCAD^ ta^COADH^CCADfctiM^r 

&P^T'S)-oT. aPK7;u3-/i^»2»7;i'3-;i^o 

iMtii«« w«js ur ^ s i t * « t-r 4 ; t 

[0004 ] 

^w^f'J.rjffli •> t mit i=fe. -eft f><7>*g&# 

(i, ya-RfX (Psuedomonas) ^7^* l-A? ? 
- (Acinetobacter) i*«0N ADjS^tt^D^^ 
y-/l«**B* (EC 1.1.1.245) ICBBILTV**. & 

fe, x^D^-^y-zHg-ftti, x^D^-y^ftSM^ 
aa&tt i ^ »F£ Zi\X £ fe . x 7 a^v* -;HWk 
iOfe^tfOjtfE^-Pcose^-WWJi . 7z/*hW 9~\z 

[0005] NADj£#ttv?n^^/-/l4B*S$ 

« . im\Wm b <7)ij »/ 7 > ^ fc J: -o T ^ n 

7 h yjg7cP^5feliJS^r/Wrt h'JS7C»#i: 

NADPHf2cfftt7-t h>ffimmtim&z 
titz . mimizn \, >zi>. mm?) t y >wmmm^ 

iz^mzbm&mhtz* 

[0 006 ] m±Wt£&i'7a'<yi> S-jVfflti>& 
fe, i'i--\ i: t1~MzmiXffl%.ZtlX3rS t ), NADtS 
(EC l.l. 1. 163) te, 9tR7A'3-;l^) 

t'^ h z b tf^ztix v \i . \/9 a^-t y ->^mm 

tt:, ■> A ->'t+^fc|W)2a7*3-yHWI«*t 

ymmmm^Lx^. 

[0 007 ] myo-inositol ^HKS7I> cyclitol l|60 

m.itmtMmt>ttz. %<co-miz&^x, na 

DCWLTI4. #!fc1B*SftTV^I-vfe*!), MCADcO 

[ooos] *%w%t>it, fffs.wm<mimiz* p 

Q Q Sr 7 & *fl3Stt*>#ttfc4!W>T t fe . 

*ZX\ Vi-hW, 7>-^h>' , v^^-t3 

J;V#S««flh<7)*mtt«&#0 1 0 ottUUKOiWB 
»SrSt«fcL.-C, MCADc7)^^x^»J--y^Sr 

PQQSrWBWtfSMCAD* 
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[0009] Gluconobacter frateurii CHM 9 tfOMC A 

mcadu. mm^mmz^tL pqq 
t mps t -t s wscriv? -im*mmm t^^tix 

k *«WB L ft . MCAD ^awr/un - /ittftffittU . 
C C A DiT) 1 0 0 t S5*» -> ft . HWKT )V O -/1#.<0|8 

mz (i , MC A DCOjtJV vSttfi* # $tf 'J/ST* 4 . 
[00 10] «l*J)SVIIk LT, *^Bfl«0MCADt 

•oft. -WMMf&k. MCAD ti (S,S)-{+)-2,3- bu 
tanediol ££<IHLL&a>oftWt:*tU <2R.3R)-{-> 
-2.3- butanediol JiSgft-f S -1 k tfWJj Lft (IS 
3) . ZCDfcMUmiX . 7-t$(4s^ 2.3- butanedi 
o 1 fc M C A D fc JJ ») K-fk L T . Rftft'W & flJfrT S T h 

mz. awauvcn* (s,s)-(+> 

-2.3- butanediol «rfMW-4fc % 3K¥*tttt«0$Hlia { 
^(c&Sk^')f"l/5#£>S, 

[ooin mmzxhit^^wmza^x\i. r 

-f A 7^'t^rL^SJS5* < SC:l).Ik* < ^$nft. BMC 

Irt (cK 0 il/CCRiC * ft lft . £ Wt/fWK 
COM C A D SrfflV MWk&tt , x*/Hf-f)»fcS: /)•>£ 



(3) 1tSl2 0 03-l 80 34 3 

4 

* [00 12] 
[0013] 

Ttf'.'ft. x^';--y-^ffl*gifico*fi)^w> 0.0 3% 

/'J-bo-/k 0.0 1%^3-X. 0.1%/i?U^.r 
10 hyt'^O, 0. 2%OTx^n^>-^y-;^ft(io.2 
%<T)'y9u^.^J~)V<m^£Y\ZA 8B*|g]JiLhOia s 

3 0°CT"&oft. 

[0014] ?4fflT'M?$ftft*tto*££Wi, 
Tfva-jvt Lx~s7w^y? y-ivt uvu^-ty 

-/wahbzm^xb. j:<4WLft. ftftu 

-/Mi x ? n ^ >- ? y -/hfc 9 1> •> 
k H 0 *\ tf L Sid fc&Mxfc . 1 nsti t 
ute For Fermentation ( 1 FO) ^ftli American Type 
20 Cul ture Col lection ( AT C C ) A¥ LftSttO 
*SMi s lg*/i5WiSJt*'tW1-Sk, 4 8«ia*»* 
Wa±«*V^(«WWItifi«i: Lft* 5 . Efl-CtfKS 
ftftBt*<7>£ < <i, 2 4 MIC J: 0 [a]#OjSSt 
jiLTfc 1 ?, i^D^de-? /-/i^>c?D^y?/-n-- 

[0015] 2 44iam#tt^HlflEAflUeiC J: oTfll 
«Lft*S*. Ml* Lft 1 0 0»Hl»i|i4»i!., it 
f^ffllklT Gluconobacter frateurii CHM 9, Psuedmon 
as sp. CHM 32. Acetobacter rancens SKU 1111. Acine 
30 tobacter calcoaceticus LMD79. 41 CT>4ftZmtk Lft. 

ztihmmm^mm (Growth) . immvm 

PH (Final pH) . 8lfiSI#<Oy?D^;;-/K: 
WtSP««tt (Enzyme activity) Ojt^2r. *lt 

TJ^Lft. 

[00 16] 
[Hi ] 



Strain . 


Growth* 


Final pH b 


Enzyme activit/fU/ml) 


Gluconobacter frateurii CHM 9 


++ 


5.0 


0.51 


Psuedmonas sp. CHM 32 




8.4 




Acetobacter rancens SKU 1111 


+ 


6.5 


ndV 


AclnetobactcT calcoaceticus LMD 79.41 




8.5 


ND d 



•Growth of bacteria strains : + corresponded to OD6G0 mn of 0.30-0.50 ; ++ corresponded to OD660 
nm of 051-1.00 ; •+•++ corresponded to OD660 nm of over 1,00. 
*pH of culture broth was measured at 48 hr incubation. 
'Enzyme activity was measured by PMS-DCIP method at pH 5.0 . 
d ND : not detected 

[0017] im^&^P HtcWLTJi, Gluconobac ^eticusLMD 79.41 14, WT)Vij tlttOfi"C*>-?fe. t 
ter frateurii CHM 9 fzWl\ BHtOfflS:^ L*!„ — tz, Acetobacter rancens SKU 1111 BM<T> 

^f, Psuedmonas sp. CHM 32 t Acinet.obacter calcoac^50 p HOflt [a] £Tt>*>tl* 
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5 

[0018] WmWftaB.Win*'? u^>9 J -IV 
Hfc'kSSISffi'ftli. phenazine methosulfate ( PMS ) 
&£lf 2,6-dichlorophenol indophenol (DC 1 P ) £ 

fflusPMs-Dc i pmz£*)fflMit:. mm ix 

li, 2 5juiioI <n>i/?w^y9 J-frZ.mWz* iBS5tffl 
jgiRfc LTUu Mcllvaine ^<;7r- ( pH 5. 0) £ 

t . i mtz i jumoi mnmitzfim-f&mt ix 

JgHL/o. iOS^tS^. Gluconobacter frateurii CHM 
9^11 2-?OpHfWC«SttWH*Sn)t'.'-o 10 
tij* >-> -&vS1± t - 9 f $> -> T p H 5 . 0 \z . {, 3 - 
-3<ov 4 f -=SrvStt t ■- ? (i p H 9 . 0 tc#tt UT ^ 

tz. %c7)m3^comm>MMmwMzii, ^9 

[0019] Psuedmonas sp. CHM 32 £> «tV Acinetoba 
cter calcoaceticus LMI) 79.41 <T)i%£\±. fflMVlZl? 

ft -r & n a d flcsitw c cad immmxh & z t * ! 

o^. y 9 J —)\<r> is 9 V 9 J V^TiWL b, i/9u 

ifjoZltmhtiX^l.. ZZX\ y?a^y?/~- 
/HHtiSttli. loo^noi y?n^y?/-/k 50 
x/mol glycine-NaOH (pH9.5) . 0. 1 junol NAD 
frhWLh 1 m 1 <F>m6ft£$miW}® L> 3 4 0 n rn<7) 
«*J£t «t 0 . 2 5TCfc*Jl*& N A D HC7)liJpjIjJ£ie 

»U:. mm^l^- y hit, RJ6*frTfci5H 
Ts l^ISjtCl^nol WNADHta^-fiaStttUT 
SfltJt. Psuedmonas sp. CHM 32 <7)**-£ 

UL /7o^y -Mmm'mXtm Ztltcb%x.C> 
tl&. &tz. Acetobacter rancens SKIJ 1111 30 

fi. m§Lcr>y?ri<<y? ;->i>£mmitzmz. 

VX\^tzXi\zfLLb, mz, y?v^y? yycnmt 
YSttfcWLTte. lOOjumol ^a^^y^. 50 
#mol potassium phosphate ( p H 6 . 0 ) , 0 . 1 .umol 
N A DHA^SSU) 1 m I Oi§iK4H2»*£i» U 3 
4 0 n m<7)iRtt*fcJ: 9, 2 5*C(Cfclt-5>N ADHfOS 
!WME«rffi»U:. »«fStt«la--y hti, KJG*tt 
TfcfcWC, l#|3Hc 1 //mol tf>N AD H 

t. B3R4«ftSrlt«LJt. **Sg*. Acetobacter ra 
ncens SKU 1111 MW^ftJ)?.:!:* 1 

[00 20] Gluconobacter frateurii CHM 9 CDttitJffl 

Mitf^ ? o ^ y ? y y (i % 2, 4-d ini tropheny 1 hydrazi 
ne fcRj6LTSS#f*£^L»*«I£;^£*l-Ov& 
C)X\ JxJfciltea^^, 4-tlini tropheny 1 hydrazine bSL 50 



t^2 0 0 3-1 80 34 3 
6 

J&Stffctt, mmfa^bfy? 4- (TLC) KJ: 
OfrWUc. KmzXD±S&tfz 2,4-dinitrophenylhy 
drazone f$#ftte, ijjfiff&y ? n^y :? / y<0 2.4-din 
i tropheny I hydrazone Wf&fot l§I t Ft f <IT?>I> 0.8 

^y^-wy?a^y^y^lffi, Ri5^H 
7 ^ t * L KSJK^ec: & 1 1 $ ft* . 

->T, *^HJi0MCAD*\ ft*<7)CCAD^&|#Kiiffl 

HJico^yrDT'f y T;i-3-/i-K7j<«Pfg ( ad 

h> tit. mhtnzm-hm^mmx'hizt^-t 

t£%Xfol« 
[002 13 

DTAX'VSifgfr&ZtfcX'O. is9w<y9 J-)WM 

immzfthfrmmzMi-tti^b^m^xMc. m 
mmwft b fflmwftcowmm* . vxtwm o x-bz> . 

Gluconobacter frateurii CHM 9 COt%&£(?)fflMZWM 
10mMTris-HCI (pH7.5)a' 7 7t 

-l om i §tzo. mmm mi osttcixotztm 
mmmmmiK. mimmmz . 1 , o o o p s i <n 

S.t)X\ Rannie high pressure laboratory homogenize 

r taut, m^coimm^zxo. awsnrwsr^ 

«£^i Lfctt, tf3fc^ffl*WttaijSr 6 8 , o 
O 0 x sX'9 OMR* t>lZ&i>LX . ttlSL-^ifflgaMffl 

Ilil^li, 10mMTris-HCl (pH7. 

fct^Oft&Lfctt. 6 8,0OOXgt9 0W» 

SrT-^S/c'(t^< L/c. t»<b<xfc*BIBIRl* (Native 
membrane) PQQtJit^CaC 1 sSr^Jp-f S^fc 
KJ:0. MCADySttmiioUc (01) . £ 

WKH^^iffliS^^, MCADii»^wtr.-K» 

[002 2] EDTAJftati, lOmMTris-H 
CI (pH7.5 ) ^yyr-t,zX*). lOmg/m) 

ty'WKtztxoizMMmmmmmifzm. 2 

0 m M E D T A 0^ffT{-*?S*T 3 0 #|SK y ^ a 
^-^gVSrlf^Jt. 9O,0O0Xgt6O»r B W 
»^Srtf-s"C±ifS:|»*L^l*, itlS* 1 OmM Tr 

is-Hci (pH7.5) ^-/yr-izwrnmLxm 

-*ttTfctt»'&fcfTl*. EDTAfcMHfcLfc. EDT 
A $!ia^^*BMT1i , «*«5rM C A D ygttS:^ L /t^" 
ttTft "9 - *»#*)M CAD JiT -tfS^tC^r o T V">S i 
tJ&^PWBtfc (01 SO EDT A treated membrane <T)ir— 
9) . TtfWffiZG-thmmW'ft (EDTAtreated memb 
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(5) 

7 

rane) iZtfbX . 5 ; uMc7)PQQfc c fcV : 5mM<DCaC . 
1 2 fcaSflO L . 2 5 'C , 3 O-frfSH y* a^- v a y L 

[00 23] MHIS^TtflHtCtt LT, PQQ 
5juM ifcli CaCh5raM S-HMfcTiSsflOU 2 5 
•C, 3 o #|8M y* y 3 y Lfcl*£. fftXvSttffl 

fr\ %<r>Wim$.C aC \z(0-titf-k& fritz (01 K 

J: l )HlKCa ! M y & Rfc£ LTv > & £ t f A & t 
ftSS^ni). Sot. PQQiCaC l2^ja|7fM0. 
t £ £ 1 £ i 9 TXtiffi -k * oPfgKgtft L . MCAD 

i noprotei n ) m^TlV^-lVWmW&X'fo 6 I V ^0 tS 
[00 24] 

[ hkm 3 ] trains a> . mcad tfo^-sra-iL* 

■ffl PQQ 5mM t CaC ! 2 5mM SrSSflnU 7 
(i, .4gt'. y^no^y-n* 

**»*JSttti3 . 1 2 ()i-7 \-Xfootz (02 £fl 
0) Membrane ^Bfe^VS-) . ^f/rnf-f/A 
D H jgttfi 1 . 4 4 0 a- -y h T£> -■> *Z ( H 2 M 
embrane OA*- ) . 10mMTris-HC 

1 (pH 7.0) ;•*••/ 7T-fc«k 9. «M^<7)^y 
A?®jiJf£l Omg/rn I (Cp^L^ft. Na-cholate 

5:0. 5%>^&i^^»LT, 1 $|3W> o < 0 t W 30 
Lfc. 6 8 . 0 0 0 x g T6 0 »IBtf5»t»tfT o t , 
df/rnr-f yADHj$tt<50±gp^-(i, ig<i>±ia (Supe 

rnatant ) (C^i) , L*'* L&* { . ^ 0 y'+/t «y 

7 y * j - /HR**#*iStt«o 7 o %W±(i , ftfg 

(Precipitate) IZffiflXWz (112 
£7) Na-cholate £>t— ?) . 
[ 0 0 2 5 3 ftfg UJIHftt 10mM Tri 
s-HCI (pH 7.0) A' y7 7-fC*Jil§tf» ?y 
/^JtiMES- 1 Omg/m l tdWSLfc. <r<Oiii«M 
ttomiffimz. Mydol 10™ 5: 1 . 0%t&& <t ? £8sfln 40 
L . $ t>£ 1 UfflS] . Lfc . 6 8 . 0 0 0 x 

gt'6 O^OjS'L^^-To £ . 7C««KB^^fcttS 
y 7 n ^y 7 / - ;UBl*3R»*?£ttfi0ift 3 fro 1 *\ 31 
<t»±»+tlBSLfc (02 tfflW Mydol 10" <0Hfe 



#^2 00 3-18034 3 
8 

«a-) . Jr/ruTM yADHvSttii, ii»<-o 

coMmti . M C A D / 7* nf 4 y A D H tz X & 

t»<Z>Tt*5rV C i: Sin LTfc 0 . ^«7^3-^5r#S 

fc-fS £ t frU)ibX*Ztitz. 
[0026] 

[|dSM4 ] *£. MCAD^flUJS-iJt^/S. *Jt0l3 

5mM CaChi Mydol 10 IB 0 . 3 %Sr&0 1 0 m 
M WW< v7r- ( P H5.0) TTW&StffcDEA 
E-Y-3'^->l?}?l± (2.6x9cm)f:*>ltt. M 

CADj±iR#s*i-f, K-mnvy-Ufr, icommzx*) 

^7A$-iijgUc}§?gSrlI])RLT. 5mM 
CaC 1 2 1 Mydol 10 Irl 0.3%^tll0mM Si 

Ay 77- (PH4.0) TStfL^. 
[0027] at:S*fa<0»aS:, 5mMCaCl2t 
Mydol 10 TB 0.3%^tfl0raMftiA.y7r- 
( P H 4 . 0 ) X'^mitttz C M - b 3 7 A 

( 1.6X6 cm) MCADfciUl^L 

T^^ /rn-f-f y.ADHA\ *7ACiSS^. 

5mM CaC I 2$r#tf .1 OmM Pi?A 7 7r- (p 

H4.0) Tifcfrlfcf£. 5-4 0mM<OCaC 1 all^S 

jME4)KK:J:0, *tB«rlT-jfc. H3K*Ufci olc, 
2 8 0 n mc9igbte£ (05^OEP) (Cj; 0«lttJ$tl^tr 
-?MC. MCADv£tt££-f St-? (05O# 
EP) *^ai'C"S/c. MCADStt«r*-f4t:-^B^ 
01RL. SDS-PAGEICJ: O^PfL^ISfts ^4 
8 3 k DaOm-tr-^t'fc&Ct^fWUJt (04(7) 

u~y2) . 04<ou-yi(i s t-fX7-*- 

O^y 0 „ phosphorylase b (94kDa) . bovine 
serum albumin (68 kDa) . ovalbumin (43 kDa) s ca 
rbonicanhydrase (31 kDa ) , lysozyme (14.4 kDa) % 

[0028] ttZs 4 20 nmcrMftlg. (05ODEP) 

iz toman tifz 2r><?>z-?ff)ft* mif(D t- 7 1« 

y7'n-f-< yADHcr>miat!-7X'fo'>tz. MC AD(i 

«tW^t J: 0 . MCA D{±2 5<SKIMS$fi/i (•* 
2) . . 
[0029] 
[*2] 
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(6) ^2003-180343 
9 1 0 



Step 


Total protein 


Total activity 


Specific activity 


Purification 


Yield 


(mg) 


(unite) 


(units/mg) 


(fold) 


(%) 


Membrane 


850 


1,520 


1.8 




100 


Solubilization 


37 


647 


17.5 


9.7 


43 


DBAE-Toyopearl 


18 


280 


15.5 


8.6 


18 


CM- Toybpearl 


4.8 


213 


44.3 


25.0 


14 



[0030] * [003 1] 

[ mm 5 j mwm# t m mmmvmiz^ vc , m io ims] 

CAD coa«^S145rlffl^t *fc ( 31 3 ) . * 
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1 1 



(7) 



#812 00 3-18 034 3 
1 2 





Relative activil 


* (*) 


Substrate 


iviGinoiaue 


Pun tied enzyme 0 


C VtDf>lajsTnic eny vritf* c 




(MCAD) 


(MCAD) 


(CCAD) 


cvclottentanol 

V" j VlvUvUUUlwi 


100 


100 


1 no 
1UU 


cyclohcxanol 


34 


73. 


no 


cvciobutanol 


54 


73 


01 


cyclooctanul 


83 


137 




tetrahvdrofnrvl alcohol 


25 


0 


U 


hydroxyproline 


1 


0 




fiirfurvl aJcnhnl 


75 


4 


0 




668 


32 


0 


1 1- c vrlrmPTifflriPflrnl 


58 


73 


• 363 


cis-1 1- rvrTrvtv^ntanrH-inl 


116 




ND d 


fl R.2RV trans- 1 .2-cvclohftxAnf»din1 


AU 

*to 


74 


c 

5 


(1 S,2S)-trans- 1 ,2-cyclahexanediol 


1 1 

IJ . 


11 


0 


l,4~cyclobexanediol 


10 


14 


0 


cis-1,2* cyclohexanediol 


11 


go 


12 


1,2-butanedlol 


94 




115 


1,3-butanediol 




1 7 


6 


1,4-butanediol 




0 


0 


2,3-butanedioJ 


110 
1 10 


186 
loo 


0 


(S,SM+>2,3- butanediol 


5 


o 


0 


(2IURH-)-2,3- butanediol 


41 


41 


51 


2,4-pentanediol 


62 


16 


30 


2-methyJ-2,4- peatanediol 


50 . 


^ 17 


23 


methanol 


o 


o 


0 


Ctbanol 


69 


n 
u 


0 


l-propanol 


JO 


n 


5 


l-butanol 


60 

U7 


i 


ND d 


2-propano! 


7«? 


1*7 


31 


2-butanol 


1 AO 

joy 


A 1 


424 


2-hexanol 


1Z 


1U 


70 


3-pentanoi 

t 


7< 
/j 


/4 


57 


cycl open tan one 


0 


0 ' 


1 1 1 
i i 


c yclohexanone 


V 


0 




acetone 


n 
U 


U 




acetaldehyde i 


1 An 




o 


glycerol 


0T) 


59 


o 


DJL-thieitol 


4 


2 


0 


mcso-erylhrilol 


77 


100 


0 


xylitol 


2 


0 


0 


ribitol 


41 


34 


0 


D-arabitol 


54 


78 


0 


L- arabrtol . 


7 


0 


0 


dukitol 


2 


0 


0 


D-sorbitol 1 


48 . 


34 


0 


D-mannitol 


18 


25 


10 


myoinositol 


5 


0 


0 


D-ghaconate 


21 


7 


0 


2-keto-gluconate 


0 


0 


o • 



b Purified MCAD from the membrane. 

"Purified CCAD from the cytoplasm. , d ND : not determined 

[00 3 2] MCADIi««7;W-/k SCy^o^ 

»aw?* -> fc . i/ ? y * y - Mznth 

S^NxyxSWi, M*ttTCtWLfclS*. ImM 
T*>&k»l^n^ ft MCADtiO, cyclooctanol. 
cis-1,2- cyclopent.anediol 2, 3-butanediol 

M C A D li s w < O^BttK 2 157 ;P 3 fc SHt L 

fc. mcadii a(*r;pa-;u j ^2«r;U3-;^» 

{t^JjO^T, glycerol, meso-erythritol , ribitoh D-*50 



♦ arabitol, D-sorbitol fcitf D-mannitol cOio^ 
ill, MCAD ^nHBIR^hKS lZf%lE LT\^Zt 
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QWWHTJl) 1 ), NAD (P) , NAD (P) H, 
FADfcltfFMNJi, «W*fc LTWJ»TH«:*»-a ' 
fc. 

[00 34] 

[HJftW6] Gluconobacter fraleurii CHM 9 iOSHMJ 
IZft&tl NAD ttff'ttcOC C AD&, *f£Bflc7)M C A 

MH^S". J<-v7t — A (5mM /?-mercaptoethanol 
£3tf 2mM KPB pH7.2) TWILLED E A 
E--te^o-X (2. 5X2 0 cm) fc*»ltfc, 

A'77r-AT^7^5:iM. 0.2M KCIJtt' 
A" 7 7 T- ATC CAD Sr if UJS*fc. EUR L^C C A 

7T-AT'¥gHb£ft£7'/l/- rJfXh^y -b7rn 
-X (2X20 cm) iZfrfttz. CCADIi. 

771-— r^Xr-^V ■t77D-X*7Adi!!}f3ft 
**»ofc*f, NAD (P) tfiSttOiWIMi, ZCDXfv 
7T#**iT^„ 

[ 0 0 3 5 ] fcC . /-S-y 7 r -A-CTOfcSilfcDE A 
E-t7rf'7?X A-50 *7A(1.5;<20c * 



(8) #W2 0 0 3-1 80343 

1 4 

*m)fcjWfc. 75mM K C I £*trAy 7 7- AT 
*7A«M. lOOmM KCl££tfA.y7T- 
ATSSfifiU ifcfcl 2 5mM KC 1 Sr£tfA-y 7 r- 
ATlitfcUc. CCADCO±g&<4. 125mM KC 
I ££t?A-y7r-AT'jgft3ft£. ®JKL£CC AD 
B£€\ A7 7T-AtfM?^M Fodf^TM- 
N #7A(5x7cm) CAHtf.', 1 5 mMphosp 
hate ^tfA' 7 7r-At« CCADU. 3 0 
mM phosphate 5r #tf^ S' 7 7 r - A TiWiti $ ft*: . ft 
10 &W!Cti. ammonium sulphate CfcO. C C AD 
fcStffc (05) . 

[0036] CCADSMlfiOmS!*. C 

cADi±, fflttajai*^3 8fSK:ii«§<i, ±mn2 

SXcom^X^hhtz. B4 WrJBiHa'MS SCP85H 
2 0"C, 60.000 rpm^frTtCs 

cc AD<7>im^i'~yi i o^rttasLfcisa. 
a»{t«^t(*jaK*« 3.os cornet- 9 x-h o , *st 

ffiCfot, CCAD cO^J-T-fiJi 6 0 k DaCffi 
ZbtfjUZtltz (06 CO (A) ) . SDS-PAGEO 
20 7t-Tl;2 9.00 0 <F> 2 OWR- t7'xx 

7 bfrhmfcztix^zzt tmbfiHz £ (06w 

(B) ) . 

[0037] 

[fS4) 



Step 


Total protein 


Total activity* 


Specific activity 


Purification 


Yield 


(nig) 


(units) 


(urats/mg) 


(fold) 


(%) 


Cell-free extract 


10,100 


123 


0.012 . 


1 


100 


DEAE-cellulose 


2,850 


108 


0.038 


3 


88 


Sephadex A-50 


1,681 


97 


0.056 


5 


79 


Hydroxyapatite 


190 


76 


0.400 


33 


62 


Crystallization 


74 


34 


0.460 


38 


28 



•Cyclop eiitaiiol oxidation in the presence of NAD was measured. 



[00 38] 06tfou~ y2\mmmt&ttim (20 

Ug protein) , V-y 3liD E A E— tll-u-XizX 
hftWk (15jug protein) . l/-y4l±DE AE-t 
7TT-/7Z A-5Qlz£&mm!£ (10/ig protei 
n) , U->-5W^ Ya*isTW4 hlZX&mW'ik 
(5 jug protein) , U — y 6 iiat^coiSD^-fl^ (5/xg p 
rotein) oJS£T#> ft , £tz. U-vllit-fX7-* 
— <7)A y Kfife 1 ? , phosphorylase b (110 kDa) , bovi 
ne serum albumin (77 kDa) , ovalbumin (50.5 kD 
a) , carbonic anhydrase (35.2 kDa) . soybean tryps 
in inhibitor (29.1 kDa) , lysozyme (14.4 kDa) 

[0039] 

[ mm 7 ] C C A D OS ftttAtt* . % 3 Lfc . « 



»CCAD{±, 5 0mIV1 /»J i^y-N aOH+TlSWU 

8. 5- 1 o.ofcuar/wayttwpHatfrT 

(c, ««T/l'3-/US:BMtLfc. CC AD(iS#7Vlo 

WHttKBLTJi. MCADiOt^fc (*3) . 
CCAD{i s 2-7"^7-;|/ (2-butanol) ^ < gg^t 

■6. IWMktfcCCADJ±, x7D'0^y-;W3Wt 
T 0.4 5 units/mg protein i UoJtvS'ftSrTnLfc 

#\ M^M«MCADO>-7o^y^7-yKc;*ttft 

Jtvfi-14 (44.3 units/mg protein) titXttht. ® 

[0040]ft»r>SAxy^^ft|:#tS, «Blfrt<iO 
NAD (P) ^#ttP»±, WM^tELt 
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y ? D^Jf y -/Hi . 33&tznm&xif&t 
li>coz'te%i\ «->t. i^o'O-^y-n^v^n 

A.df-^y-;Wi, CCADWWiT). ZLXW^CDm'SX 

[0 04 1 J x^n^-yy-^fc.ttXNAD^f 
5, CCADC0l.ffl<t«OSAXiJX^<i. -eft-fft.7 
mMfcil>'7 3MMfciISE*ft£. £Jt. y?D^+ 
/ y ( eye I ohexanone ) fc.fcf'NADH H flf l> . C C 
AD<0'U»»t(7)5AX'J^ati s fftffll SmMfe 

[0042] —JiX\ CCA D(~ i 2> h ^«9iS7C 

(i, 50mM &W-h WM.QT'ffl&ltztiTs pH5. 

J: o (CCC A Dfi . /7 o'v* y > t#f LT R^KJfE 

tt i w i t *$ o . i> suttr - * t ^ ? n 

*^<7)MCADtls!*<OCCADi:<i, £<H&£g# 
[0043] «cihW<^fflSa^^<ilBflaJiB^i:a«WS!l 

tt , NAD tSff 11<7) C C A D (c X & t URMX* 

$%umz±%%i>0)Z'i>-yte. Kit. CCA DIM 



(9) «flB2 003-180 34 3 

1 6 

[0044] 

it®Slf^$f§vl4ill§£#t? 1 0 0Wlt<OfflMn&tt 

-I«f«l»(:ffSts , tfct^OC C A DCO 1 

10 XKR (MCAD) sraaju »t«. ftsu 
fc. 

[Hi ] E DT Aj&flf&D Gluconobacter frateurii C 
HM 9 ftA^tfO MCAD A*, PQQfc itfC a C 1 2 tC 

[02] Gluconobacter frateurii CHM 9 UfrbCO M 

cad w^aijsrawttsf ETC** . 

[03] Gluconobacter frateurii CHM 9 ft^O M 
CAD (7). CM-h3A--;W5A ?D7f-^77^ 

[04 ]. Gluconobacter frateurii CHM 9 ffr^SD M 
CAD <7\ SDS-PAGE«7)if££$:^fErC*S>-?>. 

[05] Gluconobacter frateurii CHM 9 1**»^>£0 C 
CAD cDj3 B B aJg£:^-f0-C$>&. 

[06] Gluconobacter frateurii CHM 9 C 

cad oym^m-tmxhh. 



[01 ] 



0 



Enzyme activity (unit/mg) 
0.5 1 1.5 



Native membrane 
+PQQ+CaCl 2 
EDTA treated membrane 
+PQQ 
+CaCl 2 
+PQQ+CaCI 2 
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#^32003-1 80343 



[02] 



Enzyme activity (units) 
31100 2000 io<H) 



Enzyme activity (units) 
1000 2000 3000 




Membrane 



Nu-cholafe 



Mydol 10TM 



Precipitate 




Supernatant 




0 20 40. 60 80 

Fraction number (3 ml/tube) 
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#^2003-180343 



[0.4] 
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15012 0 0 3-1 80 34 3 



[06] 




(72)JW» Hill WIS 

lUP»llJPflf^*Bai677#l^ UiP* 

m)%m iivJ^i- T-?y-!v 

710900 tf-tlf-h;* 



M ISA y 3 -y ?ioi40 dfy^y^-x 

F 4B050 CC01 CC07 DD02 FF09 FF11 

FF12 LL05 
4B064 AC09 AC31 CA21 CB13 CB28 
DA16 



1/7/2008, EAST Version: 2.1.0.14 



